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CHARLES S. ROBERTS, MD, WILLIAM C. ROBERTS, MD, FACC 
Bethesda, Maryland 
The association of congenital aortic valve malformation and aortic 
dissection is analyzed. Over a 30 year period, 186 patients with 
noniatrogenic aortic dissection were studied at necropsy. The 
aortic valve was tricuspid in 170 (91.4%), bicuspid in 14 (7.5%) 
and unicuspid in 2 (1.1 %). Among the 16 patients with aortic 
dissection and a congenitally malformed valve, the age at death 
ranged from 17 to 82 years (mean 52) and 13 (81%) were men. 
The entrance tear of the aortic dissection was located in the 
ascending aorta in all 16 patients with a malformed valve but in 
only 68% of those with a tricuspid aortic valve. The aortic valve 
was stenotic in 6 of the 16 patients with a congenitally malformed 
valve. Fatal rupture of the false channel occurred after acute 
ascending aortic dissection in each of the 11 patients (none with 
Previous studies (1-4) have reported the aSSOCIatIOn of 
aortic dissection with congenital abnormality of the aortic 
valve. During the past 30 years, we have studied at necropsy 
186 patients with spontaneous aortic dissection. The aortic 
valve was normal (tricuspid) in 170 patients (91%) and 
abnormal (bicuspid or unicuspid) in 16 (9%). This report 
describes certain findings in the aortic valve and ascending 
aorta in the latter 16 patients and compares these findings 
with those in the 170 patients with tricuspid aortic valve. 
Methods 
Sources of patients. The necropsy records of the Pathol-
ogy Branch, National Heart, Lung, and Blood Institute from 
1959 to June 1990 were searched for cases coded as "aortic 
dissection." Nearly all of the cases came from 1 of 12 
Washington, D.C. area medical centers. A total of 199 cases 
were so coded. Thirteen were excluded from this analysis 
because of an iatrogenic origin of the aortic dissection; that 
is, the entrance tear was adjacent to an aortotomy or 
resulted from insertion of an aortic balloon. The records of 
each of the remaining 186 necropsy patients were reviewed. 
The heart and aorta of all 186 patients were originally 
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healed dissection) who did not have operative therapy for the 
dissection. Two of the 16 patients with a malformed valve com· 
pared with no patient with a tricuspid aortic valve had aortic 
isthmic coarctation. Histologic sections of aorta from 10 patients 
disclosed severe degeneration of the elastic fibers of the media in 9 
patients. 
Thus, a congenitally malformed aortic valve appears to be 
present at least 5 times more frequently in adults with than in 
those without aortic dissection, and in our patients the entrance 
tear was always in the ascending aorta, which usually had severe 
loss of elastic fibers in its media. 
() Am Coil CardioI1991;17:712-6) 
examined and classified by W.C.R., and most were reexam-
ined later by C.S.R. 
Of the 16 patients with a malformed aortic valve, 2 were 
studied at necropsy from 1959 to 1970, 4 from 1971 to 1980 
and 10 from 1981 to 1990. The 16 cases were submitted from 
nine hospitals, eight local and one nonlocaL The study was 
approved by the director of intramural research of the 
National Heart, Lung, and Blood Institute. 
Examination of ascending aorta. In 10 of the 16 cases in 
which the heart was available for reexamination, two or 
more segments of ascending aorta were excised for his-
tologic study. Each segment was taken approximately 2 cm 
cephalad to the sinotubular junction perpendicular to the 
longitudinal axis of the aorta. Each segment was fixed in 
formalin. processed in alcohols and xylene, dehydrated and 
embedded in paraffin; a histologic section was prepared from 
each segment and stained by the Movat method. 
Results 
Clinical findings. Pertinent clinical and necropsy findings 
in each of the 16 patients with a congenitally malformed 
aortic valve are summarized in Table 1, and the appearance 
of the aortic valve and ascending aorta in two patients are 
shown in Figures 1 and 2. The age at death in the 16 patients 
ranged from 17 to 81 years (mean 52); 13 were men (81%). In 
6 (38%) of the 16 patients the diagnosis of aortic dissection 
had been established during life. No patient had skeletal or 
known ocular features of the Marfan syndrome. 
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Aortic valve function. The aortic valve was functionally 
abnormal in 6 of the 16 patients: in 4 of the 5 who had 
operative therapy for the dissection and in 2 of the 11 who 
did not. Valvular aortic stenosis developed early in life in 
one patient (Case 1), who underwent aortic valve commis-
surotomy at age 11 years; aortic dissection at age 17 years 
caused sudden death. None of the other five patients with an 
abnormally functioning aortic valve had an operative proce-
dure on the aortic valve. Anatomic examination indicated 
that 10 of the 14 congenitally bicuspid aortic valves had 
functioned normally before the dissection and that 4 were 
stenotic (2 severely calcified). Of the 10 functionally normal 
valves before the dissection, 2 had aortic regurgitation as a 
consequence of the dissection. Each of the 2 congenitally 
unicuspid aortic valves was severely stenotic. 
Location of aortic valve cusps. Of the 14 patients with a 
congenitally bicuspid aortic valve, the location of each cusp 
was noted in 13: in 10 patients, one cusp was anterior and the 
other posterior and both coronary arteries arose from the 
anterior sinus; in the other three patients, the cusps were 
right and left and a coronary artery arose from each aortic 
sinus. A raphe, present in 10 of the 14 cases, was always 
located in either the anterior or the right cusp. 
Survival after aortic dissection. The interval from aortic 
dissection to death was ::;21 days in 15 patients and about 6 
months in 1 patient (Case 5). Thus, the dissection healed in 
only 1 of the 16 patients. All 11 patients who had no operative 
intervention for aortic dissection died within 24 hours of onset 
of the dissection. Rupture of the false channel causing hemo-
pericardium led to death in all 11 unoperated patients. 
Extent of the dissection. In all 16 patients the aortic 
entrance tear was located in the ascending aorta (proximal to 
the innominate artery). The dissection also involved the 
transverse portion of aorta in six patients, and the descend-
ing thoracic and abdominal aorta in four other patients. 
Hemorrhage into the adventitia of the pulmonary trunk 
occurred in seven patients (5-7). 
Aortic isthmic coarctation. One (Case 1) of the 16 patients 
had aortic isthmic coarctation that was resected when he 
was 27 months of age. The dissection terminated at the 
proximal suture line of the coarctation repair. 
Aortic media. Histologic sections of ascending aorta, 
obtained in 10 cases, revealed severe degeneration or loss of 
elastic fibers in the media in 9 cases, and a normal aortic 
media in 1 case (Case 8). Some areas of media in the nine 
abnormal cases had no elastic fibers, and nearly all areas 
were deficient in elastic fibers. 
Comparison of cases of congenitally malformed aortic 
valves with cases of tricuspid aortic valves. Pertinent findings 
in the 14 patients with a bicuspid aortic valve, the 2 patients 
with a unicuspid aortic valve and the 170 patients with a 
tricuspid aortic valve are listed in Table 2. None of the 16 
patients with a congenitally malformed aortic valve but 54 
(32%) of the 170 patients with a tricuspid aortic valve had a 
tear distal to the ascending aorta. Two (14%) of the 14 
patients with a bicuspid aortic valve had aortic isthmic 
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Figure 1. Case 11. Photographs and a radiograph of heart and aorta 
in a 69 year old woman who died suddenly from rupture of the false 
channel after ascending aortic dissection. a, View of the heart and 
aorta showing adventitial hemorrhage in the aortic root and pulmo-
nary trunk. b, View of the lumen of the ascending aorta. Arrows 
point to the transverse linear entrance tear. The true channel (TC) 
and false channel (FC) are separated by the inner two-thirds of 
media. c, Postmortem radiograph of abdominal aorta showing ex-
tensive calcific deposits. Aortic dissection, which often terminates 
at the site of extensive atherosclerosis or calcific deposits, did not 
extend beyond the ascending aorta in this patient. d, Cephalad view 
of the heart showing the right atrium (RA), left atrium (LA) and the 
origin of the aorta and pulmonary trunk (PT). e, View of the bicuspid 
aortic valve from above showing the anterior (A) and posterior (P) 
cusps. A raphe is present in the anterior cusp. Arrows point to the 
two true commissures. 
coarctation, compared with none of the 170 patients with a 
tricuspid aortic valve. None of the 16 patients with a 
malformed aortic valve had the Marfan syndrome, compared 
with 3 (2%) of the 170 patients with a tricuspid valve. 
Discussion 
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Frequency of bicuspid aortic valve in aortic dissection. 
The frequency of a congenitally bicuspid aortic valve among 
persons > 15 years of age appears to be 1% to 2%, closer 
to 1% (8). The finding of a congenitally bicuspid aortic valve 
in 14 (7.5%) of 186 necropsy patients with spontaneous 
aortic dissection indicates that the bicuspid aortic valve 
is at least 5 times more common in persons with aortic 
dissection than in the general adult population with a 
tricuspid aortic valve. A bicuspid aortic valve was present 
in II (13%) of 85 patients with aortic dissection reported 
by Gore and Seiwert (1), in 11 (9%) of 119 cases reported 
by Edwards et al. (2), in none of 204 cases reported by 
Wilson and Hutchins (3) and in 18 (11%) of 161 cases 
reported by Larson and Edwards (4). Wilson and Hutchins 
(3) reviewed autopsy protocols rather than actual heart 
specimens and their study covered a 92 year period. It is 
therefore likely that the presence of a bicuspid aortic valve 
was overlooked. 
lACC Vol. 17, No. 3 
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Figure 2. Ca e 14. Heart and aorta of an 82 year old man who 
died uddenly from acute aortic di ection with the entrance tear 
in the a cending aorta. a, View of the bicu pid aortic valve. 
Arrows point to the two commi ure. A raphe i located in the 
anterior cu p. Both the right (R) and the left main (lM) coronary 
arteries originate from the anterior inu of Val alva. h. Ceph-
alad view of the heart howing the right atrium (RA), left atrium 
(lA) , aortic valve and pulmonary valve (PV). The true channel 
(TC) and false channel (FC) of the aorta are de ignated. Exten-
ive hemorrhage is pre ent in the adventitia of the aorta and 
pulmonary trunk, which share a common adventitia, and aloin 
the ubepicardial adipo e ti ue. c, Clo e-up view of a cending 
aorta at the ite of the tear, which divided the true (TC) and fal e 
channel (FC) . 
Frequency of aortic dissection in persons with a bicuspid 
aortic valve. Fenoglio et al. (9) found aortic dissection in 8 
(5%) of 152 necropsy patients ~20 years of age with a 
bicuspid aortic valve. In the study by Larson and Edwards 
(4) , 18 (6%) of 293 persons with a bicuspid aortic valve and 
141 (0.67%) of 21 ,105 persons with a tricuspid aortic valve 
had aortic dissection, a ninefold difference. Their study 
included persons of all ages , not just those > 15 or 20 years 
old. At the Pathology Branch, National Heart. Lung. and 
Blood Institute, of 328 patients > 15 years of age with a 
congenitally bicuspid aortic valve studied (to June 1990) at 
necropsy, 14 (4%) had aortic dissection. 
Frequency of aortic dissection in persons with a unicuspid 
aortic valve and vice versa. The frequency of aortic dissec-
tion among persons with a unicuspid aortic valve also 
appears to be higher than in patients with a tricuspid aortic 
valve. Among our 186 necropsy patients with aortic dissec-
tion, 2 (1.1%) had a unicuspid aortic valve. Larson and 
Edwards (4) found a unicuspid aortic valve in 2 0.2%) of 161 
patients with aortic dissection; of their 16 patients with a 
unicuspid aortic valve, 2 (12.5%) had aortic dissection. 
During the past 30 years, 29 patients with a congenitally 
unicuspid aortic valve have been studied at necropsy in the 
Pathology Branch of the National Heart, Lung, and Blood 
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Institute, and 2 (7%) had aortic dissection. Thus, although 
the unicuspid aortic valve is far less frequent than a bicuspid 
valve, the frequency of associated aortic dissection may be 
similar to that observed with the bicuspid aortic valve. 
Functional status of bicuspid aortic valve in aortic dissec-
tion. The bicuspid aortic valve in patients with aortic dis-
section can function either normally or abnormally . Among 
our 14 patients with a congenitally bicuspid aortic valve and 
aortic dissection, the valve had functioned normally before 
the dissection in 10 and was stenotic in the other 4. Among 
18 patients with a bicuspid aortic valve and aortic dissection 
reported by Larson and Edwards (4), the valve had func-
tioned normally in 9, was stenotic in 6 and was purely 
regurgitant in 3. The unicuspid aortic valve was severely 
stenotic in each of our two patients. 
Frequency of aortic coarctation in aortic dissection with a 
bicuspid aortic valve. It is well established that aortic isth-
mic coarctation occurs more frequently in persons with a 
bicuspid (or unicuspid) aortic valve than in persons with a 
tricuspid aortic valve (8,9) and that aortic dissection occurs 
more frequently in persons with than in those without aortic 
coarctation 00, II). Abbott (0) found aortic dissection in 38 
(19%) of 200 necropsy cases of un operated aortic isthmic 
coarctation. The status of the aortic valve was known in 183 
716 ROBERTS AND ROBERTS 
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Table 2. Clinical and Morphologic Characteristics of 186 Necropsy Patients With Aortic Dissection and Either a Unicuspid, Bicuspid or 
Tricuspid Aortic Valve 
Number of Aortic Valve Cusps 
No. of patients 
Mean age (yr) at death (range) 
Men 
Systemic hypertension 
Cardiomegaly 
Location of aortic tear 
Ascending 
Transverse 
Descending 
Operation for AD 
Unoperated AD 
Interval from AD to death 
Acute 
Healed 
False channel rupture 
Aortic isthmic coarctation 
The Marfan syndrome 
2 
36 
(26-45) 
2 
0/2 
111 
2 
o 
o 
1*/1 
0/1 
1*/1 
o 
o 
2 
14 
54 
(17-82) 
II (79%) 
6/11 (55%) 
9/10 
14 (100%) 
0 
0 
4 (29%) 
10 
10*/10 
0/10 
9*/10 
2 
0 
Totals 
170 186 
62 60 
(21-91) (17-91) 
103 (61%) 116 (62%) 
103/136 (76%) 109/149 (73%) 
107/131 (82%) 117/142 (82%) 
116 (68%) 132 (71%) 
12 12 (6%) 
42 42 (22%) 
33 (19%) 38 (20%) 
137 148 (80%) 
110*/137 121*/148 (82%) 
27*/137 27*/148 (18%) 
105*/137 115*/148 (78%) 
0 2 
3 
*Excludes patients who had an operation for aortic dissection. Abbreviation as in Table I. 
of the 200 coarctation cases: in 46 of the 183 cases, the aortic 
valve was bicuspid and aortic dissection occurred in 17 
(37%) of the 46. Among our 14 patients with a bicuspid aortic 
valve associated with aortic dissection, 1 patient had severe 
aortic isthmic coarctation (that had been operatively excised 
years earlier), and 1 had aortic pseudocoarctation, that is, an 
anatomic indentation at the aortic isthmus but not enough 
indentation to cause functional obstruction. Of the 18 cases 
with bicuspid aortic valve and aortic dissection reported by 
Larson and Edwards (4), two (11%) had aortic coarctation. 
Aortic media in aortic dissection with bicuspid aortic valve: 
clinical implications. As has been recognized for some time 
(2), the media of the ascending aorta is usually, but not 
always (4), abnormal among patients with a congenitally 
bicuspid aortic valve with or without associated aortic 
isthmic coarctation (12,13). The aortic media was abnormal 
in 9 of 10 cases examined in the present study. The abnormal 
configuration of the elastic fibers, mainly a severe loss of 
these fibers, of the media is probably the cause of the 
increased frequency of aortic dissection among persons with 
a congenitally bicuspid aortic valve. Often the aortic media 
in the cases examined was so abnormal that it was similar to 
that observed in patients with the Marfan syndrome (14). 
The abnormality of the ascending aorta should be kept in 
mind when performing aortic valve replacement in patients 
with a congenitally bicuspid stenotic or purely regurgitant 
aortic valve, for these persons probably have a greater 
propensity for dissection (particularly originating at an aor-
totomy site after the valve replacement) than have persons 
undergoing a similar procedure for a tricuspid aortic valve. 
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